The chick dermis is known to control the formation of feathers and interfeathery skin in a hexagonal pattern. The evidence that the segregation of two types of fibroblasts involves Delta/Notch signalling is based on three facts. Rings of C-Delta-1-expressing fibroblasts precede and delimit the forming feather primordia. C-Delta-1 is uniformly expressed in the dermis of the scaleless mutant, which is almost entirely devoid of feathers. Feather development is inhibited by overexpression of C-Delta-1 in wild type dermis using a retroviral construct. We also show that the distribution of C-Delta-1 in the mutant dermis can be rescued by its association with a wild type epidermis, which acts as a permissive inducer, or by epidermal secreted proteins like FGF2.
Introduction
The integument of multicellular organisms is probably one of the most favourable organs for the study of how regular repetitive structures arise within an assemblage of identical cells during development. The vertebrate skin is formed by the collaboration of two tissues: an epithelium, the epidermis, and a mesenchyme, the dermis. The results of numerous heterotypic dermal/epidermal recombinations showed that the formation of cutaneous appendages, such as feathers in birds or hairs in mammals, requires not only intratissue epidermal cell-cell interactions, but also intertissue dermal-epidermal, as well as intratissue dermal interactions (Dhouailly, 1984) . The main event during this morphogenesis is the choice of cutaneous cells to become involved either in appendages formation or to remain ordinary skin cells which separate the appendages.
In wild type chick, regularly-spaced feather primordia, composed of an epidermal placode above a dermal condensation, arise sequentially in equidistant rows, resulting in a grossly hexagonal array of feather foci more or less distorted depending on the body region. In birds, most feathers are grouped into tracts (pterylae) while other areas remain glabrous (apteria). The feather primordia ( Fig. 1) , visible by macroscopic examination, arise sequentially (Mayerson and Fallon, 1985) by stages 30 to 35 of Hamburger and Hamilton (1951) , first as a median row in the lumbar pteryla, then in the other regions, the alar pteryla being the last to organise. By stage HH31, the first dorsal feather row forms prominent protrusions called feather buds, which become asymmetric by pointing posteriorly by stage HH32. The feather placode is the first of both feather primordium constituents to become histologically recognisable (Sengel and Rusaouën, 1968) . It precedes the formation of the dermal condensation by the time one row of feather primordia has developed (Dhouailly, 1984) . However, heterotopic and heterospecific dermal-epidermal recombinations (Dhouailly, 1977) showed that the dermis is responsible for the initiation and distribution of the epidermal placodes. Moreover, the predetermination of chick skin pattern appears within the mesoderm as early as 2 days of incuba-tion (Mauger, 1972) . At this stage, global patterns of Hox gene expression within the body specify the regionalisation of the future skin (Kanzler et al., 1994 (Kanzler et al., , 1997 . The regional differentiation of the dermis is thus autonomous, but requires a permissive influence from the epidermis as revealed by the results of heterogenetic recombinations between wild type (WT) and scaleless mutant (sc/sc) chick embryos. The scaleless defect, characterised by the absence of scales and the formation of only a few feathers, is expressed by the ectoderm while the sc/sc mesoderm functions normally (Goetinck and Abbott, 1963; Sengel and Abbott, 1963) . More precisely, heterochronic heterogenetic recombinants demonstrate that at an early stage, the sc/sc dermis is endowed with appendage-inducing potentialities, and will rapidly lose them due to a lack of interaction with a WT epidermis (Dhouailly and Sawyer, 1984; Song and Sawyer, 1996) . Recently, it has been shown that the treatment of the sc/sc skin with FGF2 can replace this epidermal signalling and rescue the mutant phenotype . Epidermal/dermal interactions in general appear to be based on epidermal and dermal secreted proteins, as members of the FGF and TGF-b families and Sonic hedgehog (Noji et al., 1993; Chuong et al., 1996; Ting-Berreth and Chuong, 1996a,b; Widelitz et al., 1996) . Following each step of the intertissue dialogue, the receiving tissue matures and expresses cell adhesion molecules such as integrins and neural-cell adhesion molecule (N-CAM) (Jiang and Chuong, 1992; Song et al., 1994) . However, to date, nothing is known about the primary factors which define the dermal organisation. Their expression should be seen prior to feather-primordia formation, when the prospective sites of dermal condensations become established in the dermal compartment, thus very close to the time when feather placodes first appear. Their effect results in the segregation of two types of dermal fibroblasts: those which remain as ordinary fibroblasts and those which are promoted to induce and sustain cutaneous appendage morphogenesis. Possible candidates include Notch and its ligands, Delta and Serrate, as they are known to play a role in such binary choices (for a review, among others see Artavanis-Tsakonas et al., 1995; Simpson, 1997) . In Drosophila, where the integument is composed of a single stratum of ectodermal cells, the bristle pattern arises from the spatial distribution of small groups of cells, referred to as the proneural clusters, each of which gives rise to a single bristle. In the ectoderm, the choice between neural and epidermal cell fate is under the genetic control of proneural and neurogenic genes (Heitzler and Simpson, 1991) . Proneural genes predispose cell clusters to a neural fate but only a subset of cells in the cluster become neural precursors. This restriction is mediated by neurogenic genes, through a process of lateral inhibition that involves cell-cell interactions. The inhibitory signal is due to the product of a Delta gene which encodes a transmembrane protein acting as a ligand for the transmembrane receptor Notch. Delta-expressing cells inhibit neighbouring Notch-expressing cells from becoming committed to a neural fate. In vertebrates, several Delta homologues have been characterised Henrique et al., 1995; Lardelli et al., 1995) . Moreover, the overlapping expression patterns of Notch and Delta in the vertebrate nervous system and ectopic expression experiments suggest that the process of lateral specification has been conserved during evolution.
To explore the role of this signalling system in the formation of feathers, we compared the expression of C-Delta-1 in wild type chick embryos and in scaleless mutants. Our results show that in WT embryos, a wreath of fibroblasts expressing C-Delta-1 in the dermis precedes, and delimits the formation of the dermal condensation. Likewise, an asymmetric expression of C-Notch-1 and C-Delta-1 precedes the asymmetric backward growth of the feather bud, as recently shown by Chen et al. (1997) . In the sc/sc mutant, C-Delta-1 transcripts appeared homogeneously distributed in the superficial dermis. Likewise, in WT embryos implanted with retrovirally-infected Delta-1-expressing fibroblasts, the overexpression of C-Delta-1 leads to the formation of a glabrous skin. We also provide experimental evidence which suggests cross-talk between Delta/Notch and FGF signallings, as FGF2 treatment of sc/sc skin or heterogenetic recombinants involving a wild type epidermis rescue the punctuated C-Delta-1 expression pattern in the sc/sc dermis and then the formation of feathers.
Results

C-Delta-1 gene expression in developing skin of wild type and scaleless embryos (Fig. 2)
The early histological stages of feather morphogenesis are indicated in Fig. 1 . They involve the feather placode, the feather primordium and the feather bud stages, together being designated as feather rudiments. Delta gene expression is restricted to the dermal component of the feather rudiments in the WT embryo and to the superficial dermis in the sc/sc embryo, as shown by the whole-mount sections ( Fig. 2D-F ) as well as in situ hybridisation of frozen sections (Fig. 2I,K) . No C-Delta-1 signal was observed in either the epidermis or the interfeathery or deep dermis. In WT embryos, a transient C-Delta-1 signal was first detected as a ring delimiting the future dermal condensation underneath the forming placode ( Fig. 2A,C ,D,G). Delta transcripts were subsequently observed forming crescents in the caudal half of the dermal condensation of the still flat and symmetrical feather primordium ( Fig. 2A-C ,E,G). At stage HH31, the hybridation of the C-Delta-1 probe in the lumbar pteryla ( Fig. 2A) shows the first three to five rows of feather rudiments, of which the midline row or the three first rows are at the feather primordium stage. At stage HH33 ( condensation in the first row. This is even more easily recognisable in an enlarged view of stage HH35 alar pteryla (Fig. 2G ). This feather field is characterised by a longer delay between appearance of the C-Delta-1-expressing wreath in the dermis and individualisation of the feather primordium. It should be noted that the C-Delta-1 transcripts were never detected in the normal (primary) apteria, as the upper cubital or midventral ones (Fig. 3A,C) . Finally, when the feather bud elongates, no more C-Delta-1 transcripts were detected in the skin (not shown). In the scaleless chick mutant (Fig. 2J,K) , in which neither the epidermal placodes nor the dermal condensations are found, C-Delta-1 transcripts appear homogeneously distributed in the superficial dermis underneath the epidermis and their concentration increases from stage 31 to 33. (Fig. 3) Aggregates of chick embryonic fibroblasts (CEF) infected with RCAS-D11 were grafted into the morphogenetic fields of the right spinal, alar, pectoral or femoral pterylae of 2 to 3 day wild type chick embryos. Since the viruses are replication-competent, they spread through embryonic tissues. The extent of the C-Delta-1 expression was determined by in situ hybridisation in whole embryos. In all cases, skin phenotype correlated with the C-Delta-1 overexpression domain. Grafting of RCAS-D11-infected cells to the forelimb at stages HH19-23 resulted in the formation of an ectopic (secondary) apterium (n = 13), which partially replaces the alar pteryla. In the most severe cases, most of the dorsal alar pteryla was missing at stage 37, by comparison with the contralateral non-infected wing (Fig. 3A,B) . In all cases, the external morphology of the wing was normal with the exception of the skin phenotype. Grafting of RCAS-D11-infected cells to the lateral mesoderm of stage HH14-16, resulted in ectopic apteria in either the middle of the pectoral (n = 3) (Fig. 3C) , the right part of the spinal (n = 8) (Fig. 3D) or the proximal part of the femoral (n = 6) pterylae, respectively. It should be noted that the feather buds at the border between the ectopic apteria and the feather tract reached a more advanced stage than the other feather rudiments of the field (Fig .   Fig. 4 . C-Delta-1 transcripts distribution and morphogenesis of heterogenetic dermal/epidermal recombinants involving wild type and scaleless skin tissues from stage HH31 embryos. (A) WT epidermis/sc/sc dermis recombination leads after 36 h to the restriction of the C-Delta-1 gene expression to the fibroblasts forming the dermal condensation of the feather primordia (fp), and after 6 days on the chorioallantoic membrane (B), to the differentiation of feather filaments (ff). (C) Sc/sc epidermis/WT dermis recombination leads after 36 h to a homogeneous distribution of the C-Delta-1 transcripts in the superficial dermis (sd) and after 6 days to a glabrous skin (D). (A,C) in situ hybridisation on sections with C-Delta-1 radiolabelled probe (dark-field). Bars: (A-D), 400 mm; e, epidermis; d, dermis. 3D). Control grafts of RCAS-AP-infected cells led in all cases (n = 15) to the development of a normal distribution of pterylae and apteria (not shown). (Fig. 4) In all cases (n = 8), heterogenetic recombinants involving stage 31 WT dorsal epidermis and sc/sc dermis expressed the C-Delta-1 gene in the dermis with a restricted periodic pattern (Fig. 4A ) 36 h after recombination. This expression was limited to clusters of dermal cells which form the dermal condensations, and was similar to that observed in homogenetic recombinants (n = 5) of WT epidermis and WT dermis (not shown), or those present in the dorsal skin of WT embryos. In only one case a low homogeneous signal was still present in the interfeathery dermis. After 6 days of grafting on the chorioallantoic membrane (CAM), all of the recombinants (n = 28) formed feather filaments whose shape and distribution were characteristic of the WT dorsal feather pattern (Fig. 4B) . The reverse heterogenetic recombinants (n = 6) involving a dorsal (stage 31) sc/sc epidermis and a WT dermis led to a homogeneous distribution of the C-Delta-1 transcripts in the superficial dermis 36 h after recombination (Fig. 4C) . After 6 days of culture on CAM, all of the recombinants of the latter type (n = 12) formed a glabrous explant (Fig.  4D) , similar to the contralateral sc/sc homogenetic recombinants (n = 9, not shown). (Fig. 5) A row of heparin beads loaded with FGF2 or PBS were applied to stage 33 sc/sc dorsal skin explants directly grafted on CAM. C-Delta-1 gene expression was analysed 36 h after the grafting by in situ hybridisation on cryosections. PBS-soaked beads did not modify the homogeneous distribution of the C-Delta-1 transcripts in the sc/sc control grafts (n = 5). In contrast, FGF2-loaded beads induced a restriction of C-Delta-1 expression (Fig. 5A ) to regularly-spaced clusters of dermal cells in sc/sc skin (n = 8). It should be noted that these clusters of C-Delta-1-expressing cells are not directly located under the beads, but in their vicinity. This is particularly well observable macroscopically after 48 h of culture, when prominent feather buds arise sequentially from primary rows located on the left and right sides of the row of FGF2-loaded beads (Fig. 5B) . After 6 days (n = 10), normal feather filaments were formed, most of them with their distal tips pointing towards the posterior edge of the explant (Fig. 5C ). They were arranged in a more-or-less irregular pattern (Fig. 5D ).
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FGF2 treatment of sc/sc dorsal skin
Discussion
In order to discuss the imputation of C-Delta-1 expression in skin morphogenesis, let us briefly review the chronology of events leading to feather bud formation in dorsal chick skin. As soon as 2 days of incubation, the predetermination of the feather pattern appears within the mesoderm (Mauger, 1972) , and the predetermination of the cephalocaudal orientation of the epidermis, within the ectoderm (D. Dhouailly, unpublished data). By 3 days of incubation, mesodermal cells begin to migrate from the dermatome to colonise the subectodermal space. Between 5 and 6 days of incubation, the skin consists of an epidermis composed of cylindrical cells and a dense dermis. Next, as shown by heterogenetic dermal/epidermal recombinants (Sengel and Abbott, 1963; Dhouailly and Sawyer, 1984; Song and Sawyer, 1996) , a permissive influence of the epidermis allows the dermis to express its appendage-forming abilities. Beginning on the seventh day, the dermis induces the formation of the feather placodes, according to its regional and species origin (Dhouailly, 1977) . The placodes in turn enhance the formation of the dermal condensations (Cadi et al., 1983; Dhouailly, 1983) . The placode and the underlying dermal condensation form the feather primordium. The dermal condensation sustains the outgrowth of the feather bud, its orientation being determined by the epidermis (Sengel, 1958) .
C-Delta-1 gene expression displays specific patterns before the feather initiation and the feather outgrowth
Patterning of the dermis implies the segregation of at least two distinct types of fibroblasts. The first category is endowed with morphogenetic properties and will form the dermal condensations, and participate later in appendage formation. The second category will form the dermis underlying the interappendage epidermis. The chick feather positional control could be based on a mechanism of spatial steric inhibition, the hexagonal pattern accommodating a maximal number of elements within a minimal area. However, a simple physical mechanism cannot explain more complicated dermal patternings, such as those observed for example in other avian species, or in mammals. Furthermore, the distortion of the hexagonal pattern in chick dorsal pteryla is characteristic of each region (cervical, thoracic or lumbar) and has previously been shown to be predetermined in the dermatomal cells (Mauger, 1972) . Below the forming feather placode, the Delta-1 transcripts were detected in a wreath of cells delimiting the future dermal condensation, suggesting that the fate of dermal fibroblasts could be determined by the Delta/Notch signalling. Further experiments should indicate which genes among the Notch family are expressed in the chick fibroblasts, inside and outside this Delta-expressing wreath. The results should confirm whether or not a lateral specification takes place in the skin at the boundaries of the future dermal condensation. Later, C-Delta-1 expression is progressively restricted to the posterior part of the dermal condensation of the feather primordium before the protrusion of the feather bud. This therefore suggests its involvement in the determination of the antero-posterior patterning of the dermal condensation and in the outgrowth of the feather (Chen et al., 1997) .
C-Delta-1 gene overexpression inhibits feather formation
Both in wild type (Wessells, 1965) and scaleless embryos (Olivera-Martinez, unpublished data), the formation of the dermis in areas which correspond to the pterylae is characterised by an increase in the cellular density of the fibroblasts. Later, in the WT embryo, a second step of increasing cellular density leads to the formation of the dermal condensations. This second step does not occur in the sc/sc embryo. Interestingly, the C-Delta-1 transcripts are homogeneously distributed in the sc/sc glabrous skin, while they remain undetectable in apteria of the WT embryo. These results lead to the concept that the mere densification of the subectodermal mesenchyme above a certain threshold may initiate the activation of the C-Delta-1 gene, with its further upregulation depending on epidermal factors. The widespread expression of C-Delta-1 in the sc/sc dermis may prevent the formation of the dermal condensations. Its restricted expression in the WT dermis into a fibroblast wreath, a structure first observed in the early dermal condensation (Dhouailly, 1973) , may prevent neighbouring cells from being involved in feather formation. Recently, it has been shown that an overexpression of C-Delta-1 in the chick embryonic retina (mediated by RCAS-D11) prevents neuroepithelial progenitor cells from embarking on neural differentiation and leads to large patches where all the neurons are absent . Thus, to test our hypothesis, the C-Delta-1 gene was ectopically expressed in the wing, the spinal, femoral and ventral pterylae of WT embryos, by grafting fibroblast cells infected with RCAS-D11. In all of these regions, C-Delta-1 overexpression led to the formation of ectopic secondary apteria. Control grafts of RCAS-AP-infected cells clearly show that the inhibition of feather formation was not due to the presence of grafted cells. Thus, when C-Delta-1 gene regulation cannot occur, its diffuse expression results in the exposure of all the dermal cells to C-Delta-1 signalling and consequently prevents the formation of dermal condensations in the skin.
The overexpression driven by a viral promoter cannot be regulated by epidermal factors.
Permissive (feather initiation) and instructive (feather outgrowth) epidermal signallings are required for the dermal patterning of C-Delta-1 gene expression
In vertebrates, as opposed to invertebrates (where the integument is composed of a single stratum of ectodermal cells), the situation is complicated by the fact that the skin is formed by two tissues, the epidermis and the underlying dermis. In the chick, heterogenetic recombination with a wild type epidermis leads to the restriction of C-Delta-1 gene expression in the scaleless dermis, followed by feather bud emergence. In contrast, a homogeneous distribution of the C-Delta-1 transcripts in a WT dermis follows its association with an sc/sc epidermis and leads to the formation of a glabrous skin. These results indicate that C-Delta-1 restriction to the cells which form the dermal wreath underneath the forming feather placode is modulated by an epidermal signalling factor. Absence of this factor in the sc/sc epidermis leads in the mutant embryo as well as in the sc/sc epidermis/ WT dermis recombinants, to a homogeneous expression of the C-Delta-1 gene in the dermis and inhibits the formation of the dermal condensations. FGF2 treatment rescues the mutant phenotype. The feather buds arose sequentially in the vicinity of the loaded beads, suggesting that the beads do not replace an epidermal placode as suggested by , but instead spread a general permissive message to the dermis. This is confirmed by recent experiments in our group: the FGF2 beads induce feathers in a dorsal, scutellate scales in a tarsometatarsal, and reticulate scales in a plantar scaleless skin. FGF2 treatment not only restored the formation of dermal condensations in the scaleless dorsal skin, but also the formation of normal feathers, which are quite regularly spaced and point posteriorly. Thus, our conclusion somewhat differs from that of , who obtained abnormally-fused feathers, randomly oriented. In contrast to their experiments, we placed the skin explants directly onto the chorioallantoic membrane, and not on a millipore filter. The embryonic skin adheres too strongly to a millipore filter, which leads to patterning distortions of the skin by physical force. Thus, the wild type FGF-producing epidermis may act at least at two successive stages on the dermis. First, as a systemic homogeneous message, it may allow the initiation of dermal organisation, resulting in the induction of the placodes according to a predetermined dermal pattern. Second, its increased production by the epidermal placodes may reinforce the condensation of the dermal cells and subsequently allow for feather bud outgrowth.
The caudal orientation of this outgrowth may depend on another epidermal secreted factor. In Drosophila, genetic and molecular analyses demonstrate that the Wingless signal interacts with the Notch pathway and leads to the dorsal/ventral patterning of the wing imaginal disc (Axelrod et al., 1996) . Chuong et al. (1996) have proposed that Wnt7a, a member of the Wnt family, expressed in the posterior part of the placodal epithelium during feather bud emergence, could be involved in the determination of the feather orientation. These observations suggest that the late posterior restricted expression pattern of C-Delta-1 and Wnt7a could be two parts of the same mechanism by which the feather primordia adopt an antero-posterior orientation.
In conclusion, a precise patterning of C-Delta-1 expression in chick dermal cells precedes and coexists with the early stages of feather morphogenesis. Moreover, our results show that a disruption of this patterning leads to the inhibition of feather morphogenesis. This occurs in scaleless mutants, or can be obtained by heterogenetic recombination of a WT dermis with an sc/sc epidermis, or by a retrovirally-mediated overexpression. The interaction between groups of Delta-1-expressing and non-expressing cells remains to be elucidated. Usually this process implies single Delta-expressing cells and leads to a scattered distribution of the Delta signal, as occurs during determination of neural cell fate in Drosophila (Heitzler and Simpson, 1991) . Nevertheless, recent data show that large homogeneous Delta expression domains are implicated in dorso-ventral specification of the Drosophila wing (Doherty et al., 1996) . The underlying mechanism of the FGF2 effect on C-Delta-1 transcripts distribution may be indirect. Moreover, other members of the FGF family, such as FGF4, which is also expressed in the placode and promotes feather bud formation , may interact with the Delta pathway. As previously shown in vertebrate tooth differentiation (Mitsiadis et al., 1995 (Mitsiadis et al., , 1997 or in Drosophila wing formation (Panin et al., 1997) , different diffusible factors including Wingless, Fringe, retinoic acid, FGFs and BMPs can interact with Notch-Delta-Serrate signalling. Several of these factors are expressed during early skin morphogenesis. Further experiments should indicate whether and how these different cascades may cross-talk during feather formation.
Experimental procedures
Animals
Scaleless, Warren eggs, and white Leghorn germ-free eggs were obtained from the Department of Animal Genetics of the University of Connecticut (Storrs, CT), the Cerveloup poultry farm (Moirans, France) and the Haas Poultry farm (Strasbourg, France), respectively. All embryos were staged according to Hamburger and Hamilton (1951) .
Implantation of C-Delta-1-expressing cells
The construction of RCAS-D11, which can produce a functional C-Delta-1 protein has already been described . Control retrovirus-expressing human placental alkaline phosphatase (RCASBP/AP(A), abbreviated RCAS-AP for this report) was previously described by Fekete and Cepko (1993) . Retroviral vector DNA was transfected into primary fibroblasts from O-line chick embryos (CEF) (BBRSC Institute for Animal Health, Berks, UK) using Transfectam (SEPRACOR) according to the manufacturer's instructions. After 5 days of culture, the infection rate reached 100% as assessed using an anti-Gag antibody (Potts et al., 1987) . To graft RCAS-D11-infected cells, confluent cultures were transferred to Petri dishes. After 24 h, the cells formed compact aggregates that were implanted into white Leghorn germ-free embryos after making a tunnel by lifting the ectoderm over the right lateral mesoderm corresponding to the spinal, femoral or pectoral pterylae morphogenetic fields according to the level (somites 21-28) at stages HH14-16 or by making an incision in the anterior edge of the right forelimb at stages HH18-19. Operated embryos were fixed at stages HH36-37 for phenotype analysis and were then processed for whole-mount in situ hybridisation analysis.
FGF2 treatment
The heparin beads (BioRAd) were soaked according to for 3 h at room temperature in a solution of 1 mg/ml FGF2 (R&D System, Minneapolis, MN) made up in PBS, pH 7.4, then washed three times in PBS immediately before use. The same beads soaked in PBS were used as controls. The beads were placed on top of the sc/sc dorsal skin explants from stage HH33 embryos, grafted for 36 h or 6 days directly on the chorioallantoic membrane (CAM) of 10.5 day Warren chick embryos.
Tissue recombination experiments
Dorsal skin from stage HH31 scaleless and Warren embryos were dissected into right and left fragments. The epidermis and dermis were teased apart after enzymatic treatment (1% trypsin and 2% pancreatin, Sigma). For each embryo, one side (right or left) was reassociated in heterogenetic recombinations, the other side was used as a contralateral control for feather formation in a homogenetic recombinant. The recombinants were transferred to the CAM of 10.5-day Warren embryos, half of them were fixed after 36 h for in situ hybridisation, the remaining half after 6 days for phenotypic observation.
In situ hybridisation
The 35 S-labelled Delta-1 antisense riboprobes for in situ hybridisation on frozen sections and digoxigenin-labelled antisense riboprobes for whole-mount in situ hybridisation corresponded to 1.8 kb of the 3′ end of the cDNA kindly provided by D. Henrique and J. Lewis . Radioactive in situ hybridizations on frozen sections were performed according to Kanzler et al. (1994) . After developing, sections were stained with propidium iodide and photographed with an AX70 Olympus microscope using both dark-field and fluorescence illuminations. Nonradioactive whole-mount in situ hybridisations were done as described by Wilkinson and Nieto (1993) .
